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(54) Dynamo electric machine with permanent magnet type rotor 



(57) In a dynamo electric machine provided with a 
stator and a permanent magnet type rotor (2), on a cir- 
cumferential surface of the rotor (2) p n pieces of per- 
manent magnet blocks (21) are disposed, herein p is 
number of poles of the rotor and n is an integer equal to 
or more than 2, and each of the permanent magnet 
blocks satisfies the following condition (1); 
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(ei)-(9i+1) = (Aip/2) 



(1) 



Wherein, when assuming that clockwise direction 
is plus, Ai is an angle formed between radial center lines 
of ith permanent magnet block and (i+1)th permanent 
magnet block, 8i is an angle formed between magneti- 
zation direction of the ith permanent magnet block and 
the outward radial direction thereof, and 9i+1 is an angle 
formed between magnetization direction of the (i+1)th 
permanent magnet block and the outward radial direc- 
tion thereof. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates to a permanent 
magnet type dynamo electric machine with permanent 
magnets for the rotor thereof and, more specifically re- 
lates to a surface magnet type dynamo electric machine 
with permanent magnets arranged on the surface of the 
rotor. Further, the present invention also relates to a lin- 
ear motor and an axial gap type dynamo electric ma- 
chine formed according to the same structure. 

2. CONVENTIONAL ART 

[0002] Dynamo electric machines are classified in a 
variety of types according to such as structure, mecha- 
nism and control mode, and permanent magnet type dy- 
namo electric machines which use permanent magnets 
for the rotor have been also manufactured. Among 
these permanent magnet type dynamo electric ma- 
chines, a surface magnet type dynamo electric machine 
in which permanent magnets are arranged over the sur- 
face of the rotor is one which is manufactured in small 
size and shows a high efficiency. 
[0003] K. Atallah et al. disclose in IEEE Transactions 
on Magnetics, pp.2060-2062, vol.34, No.4, 1998 that 
when a magnetization vector distribution proposed by 
K. Halback is applied to a cylindrical shaped magnet for 
a surface magnet type rotor, an ideal rotor with a large 
gap magnetic flux density and a sinusoidal magnetic flux 
density distribution can be constructed. Hereinbelow, a 
cylindrical shaped magnet having the ideal magnetiza- 
tion vector distribution will be called as ideal Halback 
magnet. However, such ideal Halback magnet can not 
practically be manufactured because of its magnetiza- 
tion vector distribution condition. Therefore, it is desired 
to obtain a cylindrical shaped magnet having magneti- 
zation distribution near to the ideal Halback magnet as 
much as possible. 

[0004] One of such magnets is a polar anisotropic 
Halback magnet magnetized by a magnetic field having 
a distribution which reproduces a magnetic field gener- 
ated by the ideal Halback magnet. As disclosed such as 
in K. Atallah et al., IEEE Transactions on Magnetics, pp. 
2060-2062, vol.34, No.4, 1998 and in PCT International 
Publication No. W097/37362, such polar anisotropic 
Halback magnet shows a nearly sinusoidal surface 
magnetic flux density distribution as well as shows an 
induced counter voltage of sinusoidal waveform, and 
further can increase torque of the dynamo electric ma- 
chine. 

[0005] However, such polar anisotropic Halback mag- 
net includes such portions as having insufficient mag- 
netizing amount and deviation from the magnetizing di- 
rection when compared with the ideal Halback magnet. 



In particular, the portion having insufficient magnetiza- 
tion tends to be demagnetized by the armature magnetic 
field which is undesirable in view of the stability of the 
dynamo electric machine performance. 

5 [0006] Further, in such polar anisotropic Halback 
magnet a cylindrical shaped magnet itself has to be ori- 
ented as well as magnetized in a condition near the 
magnetization vector distribution of the ideal Halback 
magnet, an extremely large magnetic field is required 

10 for the orientation and magnetization. Accordingly, it is 
difficult to manufacture a large size cylindrical shaped 
magnet except for a comparatively small size cylindrical 
shaped magnet. 

[0007] Another magnet of a cylindrical shaped mag- 

15 net having magnetization distribution near to the ideal 
Halback magnet is a segmented Halback magnet hav- 
ing an stepwise magnetization vector distribution ob- 
tained by one pole of the cylindrical shaped magnet into 
a plurality of magnet blocks and by successively rotating 

20 the magnetizing direction of the respective magnet 
blocks, as disclosed such as in E. Potenziani et al. Jour- 
nal Applied Physics, pp.5986-5987, vol.64, No.10, 
1988, and in M. Marinescu et al., IEEE Transactions on 
Magnetics, pp. 1390-1 393, vol.28, No.2, 1992. The sur- 

25 face magnetic flux density distribution of these magnets 
come near to a sinusoidal waveform in comparison with 
a radially oriented magnet, but contain higher harmonic 
components. However, since the orientation and mag- 
netization can be performed for every magnet block, a 

30 portion having insufficient magnetization can be re- 
moved and a possibility of demagnetization can be sup- 
pressed low. In particular, according to the analysis by 
M. Marinescu et al., it is shown that if a magnet for one 
pole is divided into 3 or 4, a torque generated by a dy- 

35 namo electric machine having 6 poles and 18 slots can 
be increased and a cogging torque thereof can be re- 
duced. 

[0008] In order to improve the characteristics of the 
dynamo electric machine, it is required to enhance the 

40 characteristics of the rotor as indicated above. However, 
since the characteristics of a dynamo electric machine 
are determined through combination of the rotor and the 
stator, it is necessary that the respective characteristics 
of the rotor and the stator are excellent and the combi- 

45 nation thereof is proper. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, an object of the present invention 
50 is to reduce size, increase efficiency and decrease cog- 
ging torque of a permanent magnet type dynamo elec- 
tric machine. 

[001 0] According to one aspect of the present inven- 
tion for achieving the above object, in a dynamo electric 
55 machine with a stator and a permanent magnet type ro- 
tor, on or near circumferential surface of the rotor facing 
the stator p n pieces of permanent magnet blocks are 
disposed, herein p is number of poles of the rotor and n 
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is an integer equal to or more than 2, and each of the 
permanent magnet blocks satisfies the following condi- 
tions (a) through (e); 

(0i)-(0i+1) =± (Ai p/2) (1) 5 

[001 1] Wherein, when assuming that clockwise direc- 
tion is plus, Ai is an angle formed between radial center 
lines of tth permanent magnet block and (i+1 )th perm a- 10 
nent magnet block, 

6i is an angle formed between magnetization direc- 
tion of the ith permanent magnet block and the out- 
ward radial direction thereof, 15 
0i+1 is an angle formed between magnetization di- 
rection of the (i+1)th permanent magnet block and 
the outward radial direction thereof, and 
+ in ± is for the case of an inner rotor type dynamo 
electric machine and - in ± is for an outer type dy- 20 
namo electric machine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 25 

Fig. 1 is a cross sectional view of an inner rotor per- 
manent magnet type dynamo electric machine 10 
to which the present invention is applied taken per- 
pendicularly to the rotary shaft thereof; 30 
Figs. 2A through 2D are diagrams showing exam- 
ples-:Of cross sectional configurations of magnet 
blocks 21; 

Figs.. 3A and 3B are views for explaining magneti- 
zation direction 21a in the magnet blocks 21; 35 
Fig. 4 is another view for explaining magnetization 
direction 21a in the magnet blocks 21 ; 
Fig. 5 is a graph showing a relationship between 
ratio m/p of salient pole number m of a stator and 
pole number p of a rotor in an 8 pole surface magnet *o 
type dynamo electric machine and teeth maximum 
magnetic flux density; 

Fig. 6 is a graph showing a relationship between 
ratio m/p of salient pole number m of a stator and 
pole number p of a rotor in another 8 pole surface 45 
magnet type dynamo electric machine and teeth 
maximum magnetic flux density; 
Figs. 7A through 7F are cross sectional views of 6 
pole surface magnet type rotors having different 
segmented numbers per one pole taken perpendic- 50 
ularly to the rotary shafts thereof; 
Fig. 8 is a diagram showing surface magnetic flux 
density distributions of 6 pole surface magnet type 
rotors having different segmented numbers per one 
pole; 55 
Fig. 9 is a diagram showing higher harmonic wave 
component distributions in surface magnetic flux 
density distributions of 6 pole surface magnet type 



rotors having different segmented numbers per one 
pole; 

Fig. 10 is a graph showing a relationship between 
ratio of magnet thickness t and rotor outer diameter 
r of 10 pole surface magnet type rotors having dif- 
ferent segmented numbers per one pole, and fun- 
damental wave component in surface magnetic flux 
density; 

Fig. 11 is a graph showing cogging torque relative 
values of dynamo electric machines having different 
segmented numbers per one pole; 
Fig. 12 is a graph showing cogging torque increas- 
ing rate with respect to magnetization error; 
Fig. 1 3 is a cross sectional view of a rotor 2 covered 
by a thin metallic cylindrical tube 4 taken perpen- 
dicularly to the rotary shaft thereof; 
Figs. 14A and 14B are views showing examples of 
cross sectional configurations of a magnet binding 
member 25 taken perpendicularly to the rotary shaft 
thereof; 

Figs. 15A and 15B are views showing examples of 
cross sectional configurations of a rotor 2 taken per- 
pendicularly to the rotary shaft thereof; 
Figs. 16A and 16B are views showing examples of 
cross sectional configurations of a magnet binding 
member 25 taken perpendicularly to the rotary shaft 
thereof; 

Figs. 17A and 17B are views showing examples of 
cross sectional configurations of rotors 2 taken per- 
pendicularly to the rotary shafts thereof; 
Figs. 18A and 18B are views showing examples of 
cross sectional configurations of other rotors 2 tak- 
en perpendicularly to the rotary shafts thereof; 
Figs. 19A and 19B are views showing examples of 
cross sectional configurations of still other rotors 2 
taken perpendicularly to the rotary shafts thereof; 
and 

Fig. 20 is a cross sectional view of an outer rotor 
permanent magnet type dynamo electric machine 
10 to which the present invention is applied taken 
perpendicularly to the rotary shaft thereof. 

EMBODIMENTS OF THE INVENTION 

[0013] Hereinbelow, embodiments of the present in- 
vention will be explained with reference to the drawings. 
[0014] Fig. 1 shows a cross sectional structure taken 
in perpendicular to the rotary axis of an inner rotor per- 
manent magnet type dynamo electric machine 10 rep- 
resenting a first embodiment of the present invention. 
The dynamo electric machine 10 includes a stator 1 and 
a rotor 2. 

[0015] The stator 1 is provided with a number of 12 
salient poles, in that number of 12 slots, and to which 
are applied concentrated type windings (not shown). 
Teeth 11 and a core back 12 in the stator 1 are respec- 
tively formed by laminating electromagnetic steel plates, 
and after applying the concentrated type windings into 
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the teeth 11 and inserting the same into the core back 
12, the stator 1 is completed. The rotor 2 is disposed 
inside the stator 1 so as to permit rotation around the 
rotary axis while being supported by bearings (not 
shown). The bearings are supported by end brackets 
(not shown), and through fixing the end brackets and a 
housing (not shown) surrounding the stator 1 the dyna- 
mo electric machine 10 is constituted. 
[001 6] The rotor 2 is provided with a rotor shaft 22 and 
magnet blocks 21 (reference numeral is only given to 
one of them) arranged around the same. The rotor shaft 
22 is preferably made of ferromagnetic material, for ex- 
ample, iron. However, the rotor shaft 22 is not neces- 
sarily made of ferromagnetic material. Namely, as in the 
present embodiment, in that in the case of inner rotor 
type, since the leakage of magnetic flux toward the in- 
side of the magnet is small, a rotor shaft is not required 
to be an iron core serving as a yoke, therefore, even if 
the rotor shaft is made of non-magnetic material, the ro- 
tor shaft can serve for maintaining a mechanical 
strength although slightly reducing the surface magnetic 
flux density. 

[0017] Each of the magnet blocks 21 is a permanent 
magnet and of which magnetizing direction is oriented 
in one direction as shown by an arrow 21a. Fig. 2 shows 
examples of configurations of the magnet block 21. In 
Figs. 2A through 2D, cross sectional shapes of the mag- 
net blocks 21 taken on a generally cylindrical shaped 
magnet along the radial direction thereof are shown. Fig . 
2A shows an arcuate shape, Fig. 2B a trapezoidal 
shape, Fig. 2C a polygonal shape and Fig. 2D a trian- 
gular shape. As the magnet blocks 21 , the arcuate type 
magnet blocks, as shown in Fig. 2A and arranged ac- 
cording to the condition on the magnetizing direction as 
defined in equation (1) which will be explained later, is 
most preferable. However, other than the arcuate type 
magnet blocks, if the magnetizing direction distribution 
satisfies the equation (1), the trapezoidal, polygonal or 
triangular shape magnet blocks such as shown in Figs. 
2B through 2D are acceptable. Further, if the magnetiz- 
ing direction distribution determined by the respective 
magnet blocks satisfies the equation (1), it is unneces- 
sary that the respective magnet blocks are not equally 
segmented. 

[0018] In the rotor 2 according to the present embod- 
iment, one pole is constituted by three magnet blocks 
21 . The rotor 2 shown in Fig. 1 is an 8 pole surface mag- 
net type rotor. The magnet blocks 21 are directly pasted 
on the rotor shaft 22. The mutual magnet blocks 21 , and 
the respective magnet blocks 21 and the rotor shaft 22 
are bonded by an epoxy series adhesive and are se- 
cured each other. In order to increase magnetic flux den- 
sity on the magnet surface, the thinner is the adhesive 
layer the better, on the other hand in order to ensure an 
bonding strength, it is necessary to provide a corre- 
spondingly thick adhesive layer. Accordingly, it is nec- 
essary to provide an adhesive layer corresponding to a 
predetermined bonding strength which is required de- 



pending on such as configuration and size of the rotor, 
configuration and size of the magnet and the material 
thereof. 

[0019] As the magnet used for the magnet blocks 21 

5 any of ferrite series bonded and sintered magnets, Nd- 
FeB series bonded and sintered magnets, Sm-Co series 
sintered magnet and SmFeN series bonded magnet can 
be used. However, since each of the magnet blocks 21 
is magnetized in the direction parallel with the direction 

10 shown by the arrow 21a, it is preferable in view of such 
as magnet performance and magnetizing performance 
to use oriented magnets, in that a variety of sintered 
magnets and anisotropic bonded magnets. In particular, 
since it is concerned that the segmented Halback mag- 

15 nets such as the present embodiment tend to be demag- 
netized due to counter magnetic field, magnets having 
a large coercive force are preferable, especially the Nd- 
FeB sintered magnets are most preferable. Further, it is 
not necessarily required that the adjacent magnet 

20 blocks are closely bonded each other and a spacer can 
be inserted therebetween. The spacer can be either 
non-magnetic material or ferromagnetic material, how- 
ever, a ferromagnetic material having a larger saturation 
magnetic flux density than the remnant magnetic field 

25 density of the magnets is preferable. 

[0020] Further, the magnetizing vectors of the respec- 
tive magnet blocks 21 are measured and determined by 
making use of a VSM (a sample vibration type magne- 
tometer). Namely, after obtaining a calibration coeffi- 

30 cient due to configuration by making use of a Ni sample 
having the same configuration as the magnet block, the 
magnetization of the magnet block is measured while 
varying the magnetic field direction of the VSM and the 
attachment direction of the magnet block. The direction 

35 which exhibits the maximum measured magnetization 
is the magnetizing direction. Further, the amount ob- 
tained by dividing the magnetization by the volume rep- 
resents the magnetization amount. 
[0021] It is determined that the magnet blocks used 

40 for an experiment which was performed for the following 
explanation do not require any calibration due to the 
configuration thereof according to the measurement re- 
sult of the Ni sample. Further, the magnetization direc- 
tion of all of the magnet blocks fell in a range of ±2° with 

45 respect to their designed directions. Still further, varia- 
tion of the magnetization amount was within ±3%. If an 
absolute value of the difference (an error of the magnet- 
ization vector) between the ideal magnetization vector 
and the actual magnetization vector is less than 20% of 

so the absolute value from the ideal magnetization vector, 
the magnetization state of the magnet blocks can be ac- 
ceptable. 

[0022] With regard to the segmented Halback mag- 
nets according to the present embodiment, if the respec- 
55 tive magnet blocks are sufficiently magnetized, a char- 
acteristic as designed can be obtained. However, with 
this method, respective magnetized magnets have to be 
arranged in an annularform. For this reason, as a further 
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easy manufacturing method, there is a method in which 
after arranging non-magnetized magnet blocks in a pre- 
determined form, the magnet blocks are magnetized. 
Still further, after bonding the non-magnetized magnet 
blocks, the magnet blocks can be magnetized. With 
these alternatives, it sometimes happens insufficient 
magnetization depending on magnetization direction, 
however, if the error falls within the above acceptable 
range, a predetermined performance can be obtained. 
[0023] Now, the magnetization direction 21a of the 
magnet blocks 21 will be explained with reference to 
Figs. 3A and 3B. Figs. 3A and 3B show an arrangement 
of the magnet blocks 21 in which number of poles of the 
rotor is assumed as p and each of the poles is consti- 
tuted by n pieces of magnet blocks 21. 
[0024] In the present embodiment, when it is as- 
sumed that clockwise direction is plus, Ai is an angle 
formed between radial center lines of ith permanent 
magnet block 21 and (i+1)th permanent magnet block 
21, 6i is an angle formed between magnetization direc- 
tion 21a of the ith permanent magnet block 21 and the 
outward radial direction thereof, and 9i+1 is an angle 
formed between magnetization direction 21a of the (i+1) 
th permanent magnet block 21 and the outward radial 
direction thereof, the following condition is satisfied. 



(Gi)-(8i+1) = (Aip/2) 



(1) 



[0025] With regard to the magnetization directions of 
the magnet blocks, any direction can be determined as 
reference so long as the equation (1) stands between 
adjacent magnet blocks. This implies that, for example, 
even if either a magnet block having magnetizing direc- 
tion in the radial direction as shown in Fig. 3B or a mag- 
net block having magnetizing direction inclined by 10° 
with respect to the radial direction as shown in Fig. 4 is 
used as reference, substantially the same characteristic 
can be obtained. 

[0026] Further, if after dividing a cylindrical shaped 
magnet into a plurality of portions along the axial direc- 
tion through perpendicular planes thereto, the respec- 
tive divided portions are offset by a proper skew angle, 
cogging torque of the dynamo electric machine can be 
reduced. 

[0027] On each of the teeth 11 of the stator 1, other 
than the concentration winding a search coil (not shown) 
which measures the magnetic flux flowing in the con- 
cerned teeth 11 is wound. The maximum magnetic flux 
density is determined from the induced voltage in the 
search coil when the rotor 2 is rotated, of which result is 
shown in Fig. 5. 

[0028] Number of poles p of the rotor 2 used in this 
experiment was 8 for all rotors and the segmented num- 
bers for one pole were 1 , 2 and 4. For the magnet block 
of segmented number 1 one magnet magnetized in par- 
allel with a radial direction was used instead of radial 
magnetization. Further, stators having salient pole 



number m of 6, 9, 12 and 24 were used. Accordingly, 
ratios m/p of number of salient poles m of the stator and 
number of poles p of the rotor were respectively 0.75, 
1 .125, 1 .5 and 3.0. Material having saturation magnetic 

5 flux density of 1 .9T was used for the stator core. 

[0029] As will be seen from Fig. 5, the maximum mag- 
netic flux density of the teeth increases as the ratio m/ 
p increases and comes close to the saturation magnetic 
flux density of the core material. In the case of one seg- 

io ment for one pole (no segmentation), namely, radial 
magnetization, even if the ratio m/p increases, no satu- 
ration magnetic flux density is reached, however, if seg- 
mented more than 1 , the saturation magnetic flux den- 
sity has been reached substantially when the ratio m/p 

15 is 1.5, and after exceeding m/p=1.5 no substantial in- 
crease of the magnetic flux density can be observed be- 
cause of the saturation. As will be apparent from Fig. 5, 
through the use of segmented Halback magnets accord- 
ing to the present invention in which a cylindrical shaped 

20 surface magnet of a rotor is segmented into a plurality 
of blocks for each pole, the magnetic flux density in the 
stator teeth which locate at high surface magnetic flux 
density of the rotor is enhanced, and depending on their 
conditions the magnetic flux density thereof will be sat- 

25 urated. Such tendency becomes remarkable as the seg- 
mented number and the ratio m/p increase. Accordingly, 
for the segmented Halback magnet rotor it is preferable 
that the ratio m/p is less than 1 .5. 
[0030] Subsequently, in order to measure difference 

30 in surface magnetic flux density distribution of rotors de- 
pending on segmented number per one pole, magnetic 
flux density was measured by making use of 6 pole sur- 
face magnet type rotors having different segmented 
numbers as shown in Figs. 7A through 7F. Namely, Figs. 

35 7 A through 7F show rotors 2 which are respectively con- 
stituted by 1 through 6 pieces of magnet blocks 21 (only 
one reference numeral is indicated for respective 
drawings ) per one pole. The arrows 21a (only one ref- 
erence numeral is indicated for respective drawings) 

40 show orientation of respective magnet blocks 21 and 
their magnetization directions. In the present embodi- 
ment, NdFeB series sintered magnets were used for the 
magnet blocks 21. Further, thickness ratio t/r between 
thickness t in radial direction of the magnet block 21 and 

45 outer diameter (including the thickness of the magnet 
block) r of the rotor 2 is determined as 0.4. The surface 
magnetic flux density distribution of thus constituted sur- 
face magnet type rotors was measured by making use 
of a hall element having an active region diameter of 

50 1mm. The result of the measurement is shown in Fig. 8 
in which the surface magnetic flux densities over 120° 
corresponding to a pair of poles are illustrated. 
[0031] As will be apparent from the illustration, al- 
though the surface magnetic flux density distribution for 

55 one segmentation (non-segmented) shows a rectangu- 
lar waveform, the other distributions assume waveforms 
approximating to sinusoidal waveforms as the segment- 
ed number increases. 
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[0032] Therefore, stator teeth 11 which locate at por- 
tions showing high surface magnetic flux density of the 
rotor 2 are placed in a condition likely to be magnetically 
saturated. When the teeth 11 are magnetically saturat- 
ed, cogging torque will be generated. In such instance, 
if the circumferential width of the teeth 11 is broaden to 
lower the magnetic flux density, cogging torque can be 
suppressed. However, since the windings are provided 
in the stator slots and the torque is also determined by 
the current supplied to the windings, if it is designed in 
the above manner that the teeth are broadened and the 
slots are narrowed, necessary windings can not be ap- 
plied and a predetermined dynamo electric machine 
characteristic can not be obtained. 
[0033] In view of the above, the inventors found out 
that it is a preferable structure of the stator for the seg- 
mented Halback magnet type rotor to limit the number 
of teeth 11 per one pole and broaden the width of the 
teeth 1 1 . Namely, if the number of salient poles m of the 
stator per one pole of the rotor is determined according 
to the following inequation (2), the above condition is 
satisfied. 



m/p<1.5 



(2) 



[0034] Under the condition of the inequation (2), the 
winding can be wound in a concentrated winding. In the 
concentrated winding the number of salient poles 
equals the number of coils and the winding work of the 
concentrated windings is simple and easy when com- 
paring to a distributed winding. Further, by employing a 
divided core in which the teeth and the core back are 
divided, the divided core can be assembled after apply- 
ing the concentrated winding on the teeth, the space fac- 
tor of the winding can be increased and magnetic load- 
ing can be enhanced, thereby, the size of the dynamo 
electric machine can be reduced. In such instance the 
value of m/p is determined to be more than 0.75 and 
less than 1 .5. If such condition is not fulfilled, the width 
of the slot opening portion has to be broadened for the 
concentrated windings and further, because of too many 
number of slots, the total width of the slot opening por- 
tions over the entire circumference has to be broad- 
ened. In association therewith, the cogging torque will 
increases. Therefore, the value of m/p is further prefer- 
able in a range more than 0.75 and less than 1.5. 
[0035] Since in the dynamo electric machine as 
shown in Fig. 1 , m=1 2 and p=8, the condition expressed 
by inequation (2) is satisfied. The surface magnetic flux 
density distribution of the surface magnet type rotor sat- 
isfying the above condition further approximates to a si- 
nusoidal waveform, when compared with a rotor using 
the radially magnetized magnets made of the magnet 
material having the same characteristics, which will be 
explained later. Further, the fundamental wave compo- 
nent in the surface magnetic flux distribution of the 
present embodiment shows a larger value than that 



formed by the radial magnetization. 
[0036] Fig. 9 shows a result of waveform analysis per- 
formed on the magnetic flux density distribution wave- 
forms as shown in Fig. 8. Fig. 9 shows intensities of high- 
5 er harmonic components contained in the surface mag- 
netic flux density distribution in accordance with the seg- 
mented number. From Fig. 9, it will be understood that 
the primary fundamental wave component increases as 
the segmented number increases. Accordingly, it is con- 
10 sidered that a larger torque can be generated as the 
segmented number increases. Further, it is understood 
that the higher harmonic components moves to higher 
degree and the total higher harmonic components de- 
crease as the segmented number increases. As a result, 
15 it is considered that an increase of the segmented 
number will contribute to reduce the cogging torque. 
[0037] In the ideal Halback magnet, it has been known 
that the maximum surface magnetic flux density in- 
creases as the magnet is thickened. However, such was 
20 not a certained for the segmented Halback magnet. 
Therefore, with regard to 10 pole segmented Halback 
magnets disposed on a rotor, the surface magnetic flux 
density distribution thereof was measured with a hall el- 
ement and the fundamental wave component was cal- 
25 culated through waveform analysis in the distribution. 
The segmented numbers of the segmented Halback 
magnets used are 1 , 2 and 4. One segmentation is the 
parallel magnetization in radial direction. 
[0038] Fig. 10showsthe resultant fundamental wave- 
30 form component in the surface magnetic flux density 
with respect to t/r. As will be apparent from Fig. 10, with 
regard to one segmentation the fundamental wave com- 
ponent saturates at a border of 0.15 even if t/r is in- 
creased. With regard to segmented number of more 
35 than 1 , the fundamental wave component in the surface 
magnetic flux density increases as the value t/r increas- 
es. The fundamental wave component for the segment- 
ed number of more than 1 exceeds that of one segmen- 
tation magnet when the value of t/r is more than 0.15. 
40 [0039] Even when the value of t/r is less than 0.1 5, if 
the rotor is provided with the magnetization vector dis- 
tribution according to the present invention, the surface 
magnetic flux density distribution shows a sinusoidal 
waveform, the advantage with regard to the dynamo 
45 electric machine characteristics can be enjoyed. How- 
ever, when the magnet thickness is in a range which sat- 
isfies the above condition (t/r is more than 0.1 5), the fun- 
damental wave component in the surface magnetic flux 
density can be increased in comparison with that of the 
so radial magnetization magnet, and the torque generation 
can be increased. Further, when the magnet thickness 
is thin, demagnetization tends to be caused due to the 
magnetic field formed by the armature. For the above 
reason, the ratio t/r of the permanent magnet thickness 
55 t with respect to the rotor diameter r nearest to the stator 
is preferable to be more than 0.1 5, and more preferably 
to be more than 0.2. 

[0040] Since the fundamental wave component in the 
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surface magnetic flux density can be increased as the 
magnet thickness is increased, if the segmented 
number per one pole is more than 1 , thereby, a large 
torque can be generated. If the segmented number is 
more than 2, the above advantage is further enhanced, 5 
and the surface magnetic flux density distribution ap- 
proximates to a sinusoidal waveform and the higher har- 
monic components therein move to high degree, which 
are desirable for a dynamo electric machine. Further, if 
the segmented number is more than 4, reduction of cog- 10 
ging torque can be expected, which is further preferable. 
However, the cogging torque does not monotonously 
decrease depending on increase of the segmented 
number, .but if a proper segmented number for a value 
of m/p is selected, the cogging torque can be reduced *5 
very small. Even in the rotor according to the present 
invention an application of a skew to the surface mag- 
nets is effective for reducing cogging torque. Such ap- 
plication can be easily carried out by a skew in which 
the magnet blocks are divided along the axial direction 20 
into a plurality of portions and the respective divided por- 
tions are offset by a predetermined angle. 
[0041] Subsequently, with regard to four kinds of dy- 
namo electric machines, in that 8 poles 6 slots, 8 poles 
9 slots, 8 poles 12 slots and 10 poles 12 slots dynamo 25 
electric machines, cogging torques were compared 
when varying the segmented number per one pole of 
the surface magnets on the rotor from 1 to 6. The re- 
spective cogging torques are shown in relative values 
when the cogging torque of one segmentation (non-seg- 30 
mentation) is assumed as 1 . Herein the one segmenta- 
tion is the parallel magnetization in radial direction. Fig. 
11 shows the comparison result. 
[0042] As will be apparent from Fig. 11, the cogging 
torques can be lowered for the segmented number of 35 
more than 1 in comparison with that of one segmenta- 
tion. Further, it was found out that if rotor pole number 
and stator salient pole number are properly combined, 
there is an optimum segmented number which further 
reduces the cogging torque. According to the present *o 
embodiment, with respect to the 8 poles 6 slots and 8 
poles 12 slots dynamo electric machines the cogging 
torques are reduced for the segmented number more 
than 3 in comparison with the segmented number upto 
more than 2, and among these the segmented number 45 
of 4 showed the minimum cogging torque. With respect 
to 8 poles 9 slots dynamo electric machine, the cogging 
torques are extremely reduced for the segmented 
number of more than 4. With respect to 1 0 poles 1 2 slots 
dynamo electric machine, the segmented number of 2 50 
showed a small cogging torque in comparison with other 
combinations and the segmented number of 5 showed 
a comparatively large cogging torque. However, the 
segmented number of 4 showed an extremely small 
cogging torque. 55 
[0043] As will be apparent from the above, the cog- 
ging torques for the segmented number of more than 1 
can be lowered in comparison with the radial magneti- 



zation. However, the cogging torque does not monoto- 
nously decrease depending on the increase of the seg- 
mented number and in order to minimize the cogging 
torque for respective combinations of the number of 
poles and the number of slots there is a proper segmen- 
tation number. 

[0044] When there is a magnetization error in a mag- 
net block, it is possible that the cogging torque increas- 
es. Therefore, with respect to the 10 poles 12 slots dy- 
namo electric machine the cogging torque was evaluat- 
ed by varying the magnetization direction of one of mag- 
net blocks of which magnetization direction is set in the 
radial direction among the magnet blocks segmented in- 
to 3 per one pole. The magnet blocks other than the 
above one particular magnet block were magnetized in 
the same degree of accuracy as in the first embodiment. 
Herein, magnetization error (%) is defined as (absolute 
value of the difference between designed magnetization 
vector and measured magnetization vector) / (absolute 
value of the designed magnetization vector) x 100. The 
measurement of the magnetization vector was per- 
formed in the like manner as in the first embodiment by 
making use of the VSM. Fig. 1 2 shows the measurement 
result. 

[0045] From Fig. 12, it is seen that the cogging torque 
increases as the magnetizing error increases. In partic- 
ular, if the magnetization error reaches 30%, the cog- 
ging torque increases significantly. When there is a 
same degree of magnetization error for all of the magnet 
blocks, it is predicted that the cogging torque in total as- 
sumes a value determined by multiplying a coefficient 
Jh (wherein N is number of magnet blocks). Herein, be- 
cause of 10 poles and 3 segmentation, the number of 
magnet blocks is 30, therefore, the coefficient assumes 
J30 =5.5. When assumed that there is a same degree 
of magnetization error for all of the magnet blocks, and 
in order to suppress the cogging torque increasing rate 
at about 1 .0, it is desired that the cogging torque increas- 
ing rate due to magnetization error of one magnet block 
as shown in Fig. 12 is about 1.0/7n=0.2. Accordingly, 
it is desirable that the magnetization error is less than 
20%. 

[0046] Now, another embodiment of the rotor 2 which 
can be used in the dynamo electric machine 10 is 
shown. When the rotor 2 rotates in high speed, since a 
large centrifugal force acts on the magnet blocks aligned 
on the surface of the rotor shaft, it is preferable to cover 
the outer circumference of the magnets constituted in 
cylindrical shape with a thin metallic cylindrical tube or 
to wind around the same with a reinforcing tape. There- 
fore, for the dynamo electric machine according to the 
present invention it is preferable to use a rotor 2 as 
shown in Fig. 13. 

[0047] Fig. 1 3 shows a cross sectional view of the ro- 
tor 2 taken perpendicularly to the rotary shaft thereof in 
which the magnet blocks 21 are bonded on the surface 
of the rotor shaft 22 via an adhesive and a thin metallic 
cylindrical tube 4 is covered over the outer circumfer- 
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ence thereof. The thin metallic cylindrical tube 4 can be 
either ferromagnetic or non-magnetic. In the case of fer- 
romagnetic cylindrical tube, the magnetic flux density on 
the surface of the rotor 2 does not reduce much and high 
harmonic components therein can be reduced. Thereby, 
the cogging torque can be reduced without lowering 
torque generation. However, an iron loss will be caused. 
On the other hand, in the case of non-magnetic cylindri- 
cal tube, the tube can be treated substantially as equiv- 
alent to a gap. However, an eddy current loss will be 
caused. 

[0048] Now, other embodiments of a rotor 2 which can 
be used for the dynamo electric machine 10 are shown. 
Figs. 14A through 19B show cross sectional views of 
the rotor 2 taken perpendicularly to the rotary axis direc- 
tion. Magnet binding members 25 arranged around the 
rotor shaft 22 as shown in Figs. 14A and 14B are pre- 
pared for forming 8 pole rotor and are provided with 
grooves 25a for receiving and binding the magnet 
blocks. In an example as shown in Fig. 14A, 8 grooves 
25a each can receive 3 magnet blocks are provided. In 
an example as shown in Fig. 14B, 24 grooves 25a each 
can receive one magnet block are provided. Figs. 15A 
and 1 5B show states in which the respective magnet 
blocks have been received by the magnet binding mem- 
bers 25. 

[0049] By constructing the magnet blocks as shown 
in Figs. 15A and 1 5B, a possible scattering of the mag- 
net blocks due to mutual repulsion force thereof can be 
suppressed. In particular, with the structure as shown in 
Fig. 15A, the three magnet blocks in one groove 25a 
attract each other to thereby stabilize. 
[0050] Further, the magnet binding member 25 as 
shown in Figs. 16A and 16B are also for forming an 8 
pole rotor. The magnet binding member 25 shown here- 
in is provided with holes 25b for receiving and binding 
the magnet blocks. In an example as shown in Fig. 16A, 
8 holes 25b each of which can receive 3 magnet blocks 
are provided. In an example as shown in Fig. 16B, 24 
holes 25b each of which can receive one magnet block 
are provided. Figs. 17A and 17B show states when the 
magnet blocks 21 are respectively received. 
[0051] With the structures as shown in Figs. 17A and 
17B, a possible dispersion of the magnet blocks due to 
mutual repulsive force thereof can be suppressed better 
than the examples as shown in Figs. 15A and 15B. In 
particular, with the structure as shown in Fig. 17A the 3 
magnets within each hole 25b attract each other and 
stabilize. 

[0052] Further, Fig. 18A shows another embodiment 
in which the magnet blocks 21 are received in the mag- 
net binding members 25 as shown in Fig. 15A, and Fig. 
18B shows still another embodiment in which the mag- 
net blocks 21 are received in the magnet binding mem- 
bers 25 as shown in Fig. 17A. 

[0053] Figs. 1 9A and 1 9B show modifications of mag- 
net binding members 25 as shown in Figs. 14A and 14B 
or Figs. 16A and 16B. Namely, in each of the magnet 



binding members 25 as shown in Fig. 19A, a groove 25a 
for receiving 2 magnet blocks and another groove 25a 
for receiving one magnet block are alternatively ar- 
ranged. In each of the magnet binding members 25 as 
5 shown in Fig. 19B, a hole 25b for receiving 2 magnet 
blocks and another hole 25b for receiving one magnet 
block are alternatively arranged. Thereby, the magnet 
blocks 21 received in the respective groove 25a or holes 
25b attract each other and stabilize. 
10 [0054] Now, a second embodiment will be shown. In 
the present embodiment the configuration of the rotor 2 
is the same as shown in Fig. 1 , however, the magnet 
blocks 21 are constituted by ferrite series sintered mag- 
nets. The configuration, orientation and magnetizing di- 
15 rection of the respective magnet blocks are the same as 
those of the first embodiment. By making use of the 
present embodiment, the magnetic flux density meas- 
urement like the first embodiment was performed. Fig. 
6 shows the measurement result. 
20 [0055] According to the measurement result, with the 
ferrite series sintered magnets it is observed that in the 
measurement range no magnetic flux saturation is 
caused at the stator teeth. Further, as will be apparent 
from Fig. 6, with respect to segmented number 1 the 
25 teeth maximum magnetic flux density increases a little 
even if the value m/p increases. On the other hand, with 
respect to segmented number of more than 1 , the teeth 
maximum magnetic flux density increases as the value 
m/p increases. In this instance, since the remnant mag- 
30 netic flux density of ferrite series sintered magnets is 
small, no magnetic flux saturation is reached at the 
teeth. However, if the size of the rotor is intended to be 
reduced further, the teeth magnetic flux density increas- 
es and it is possible that magnetic flux saturation is 
35 reached. In particular, it is considered that when the val- 
ue m/p exceeds over 1 .5, the difference between the 
teeth magnetic flux densities for one segmentation and 
more than 1 segmentation increases. Accordingly, the 
smaller the teeth maximum magnetic flux density is, the 
40 better as well as the smaller value of m/p is preferable. 
In the present invention, the value of m/p less than 1 .5 
is likely preferable. 

[0056] Further, in the above explanation, inner rotor 
type dynamo electric machine and rotors used therefor 

45 have been explained. However, the present invention is 
also applicable to outer rotor type dynamo electric ma- 
chines. Fig. 20 shows a cross sectional view of an outer 
rotor type rotor 2 taken perpendicular to the rotary shaft. 
The rotor 2 is constituted by bonding the magnet blocks 

50 21 via an adhesive along the inner side of a rotor ring 
23. In case of the outer rotor type dynamo electric ma- 
chine, the equation (1) is modified as follows; 

(ei)-(6i+1)=-(Aip/2) (V) 

55 

[0057] According to the present invention, the effi- 
ciency of permanent magnet type dynamo electric ma- 
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chine can be enhanced while reducing size and cogging 
torque thereof. 



Claims 

1. In a dynamo electric machine (10) with a stator (1) 
and a permanent magnet type rotor (2), on or near 
circumferential surface of the rotor facing the stator 
p n pieces of permanent magnet blocks (21 ) are dis- 
posed, herein p is number of poles of the rotor and 
n is an integer equal to or more than 2, and each of 
the permanent magnet blocks satisfies the following 
conditions; 

(ei)-(9i+1)=± (Ai p/2) (1) 

wherein, when assuming that clockwise direction is 
plus, Ai is an angle formed between radial center 
lines of ith permanent magnet block and (i+ 1 )th per- 
manent magnet block, 9i is an angle formed be- 
tween magnetization direction of the ith permanent 
magnet block and the outward radial direction 
thereof, 9i+1 is an angle formed between magneti- 
zation direction of the (i+1)th permanent magnet 
block and the outward radial direction thereof, and 
+ in ± is for the case of an inner rotor type dynamo 
electric machine and - in ± is for an outer type dy- 
namo electric machine. 

2. A dynamo electric machine of claim 1 , wherein the 
stator includes m pieces of salient poles disposed 
with an equal interval and satisfies the following 
condition; 

m/p<1.5 (2) 

3. A dynamo electric machine of claim 1 or claim 2, 
wherein when assuming that the outer diameter of 
the rotor as r and the thickness of each permanent 
magnet as t, the dynamo electric machine satisfies 
the following condition; 

t/r>0.15 (3) 

4. A dynamo electric machine of any one of claims 1 
through 3, wherein the rotor is provided with a bind- 
ing portion (25, 25a, 25b) for binding the permanent 
magnet blocks (21) on or near the circumferential 
surface 

5. A dynamo electric machine of claim 4, wherein the 
binding portion is a groove provided on the circum- 
ferential surface of the rotor. 



6. A dynamo electric machine of claim 4, wherein the 
binding portion is an aperture provided near the cir- 
cumferential surface of the rotor. 

5 7. A dynamo electric machine of any one of claims 1 
through 6, wherein each permanent magnet block 
is a NdFeB sintered magnet. 
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